The effectiveness of chemotherapy for gastric cancer is largely limited by either intrinsic or acquired drug resistance. In this study, we aimed to explore the association between miR-30a dysregulation and multidrug resistance (MDR) in gastric cancer cells.
Background
Gastric cancer is one of the most aggressive and malignant cancers, and is the leading cause of cancer-related deaths globally [1, 2] . Currently, physical resection is the primary and also the most effective therapy for the patients with resectable tumors. However, due to low rates of early detection and diagnosis, many gastric cancer patients in China are diagnosed at an advanced and unresectable clinical stage [3] . For the patients with resectable tumors, chemotherapy is usually used as an adjuvant therapy following the surgery, and for the patients with unresectable tumors, chemotherapy is offered as the primary therapy [4] . However, the effectiveness of chemotherapy is largely limited by either intrinsic or acquired drug resistance, especially multidrug resistance (MDR) [1] . The mechanisms underlying MDR are quite complex. Earlier studies have revealed that multiple mechanisms, such as drug efflux, alteration of drug targets, enhanced DNA repair and cell proliferation, cell cycle change, and inactivation apoptotic pathways, all take part in chemoresistance development [5] [6] [7] .
MiRNAs are a class of small noncoding RNAs, acting as posttranscriptional regulators to suppress gene expression by inducing mRNA degradation or translational repression [8] . A series of studies found that dysregulated miRNAs are involved in multiple pathways that modulate MDR development in gastric cancer. MiR-15, miR-16, miR-181b, and miR-497 are usually downregulated in gastric cancer, and directly target BCL2 [9] [10] [11] . Their downregulation is associated with upregulation of BCL2 protein, leading to weakened vincristine-and cisplatin-induced cell apoptosis [9] [10] [11] . MiR-508-5p can regulate MDR of gastric cancer by targeting ABCB1 and ZNRD1 [12] . MiR-23b-3p can regulate MDR of gastric cancer cells by targeting ATG12 and HMGB2 [13] .
Some recent studies showed that the epithelial-mesenchymal transition (EMT), which is characterized as the loss of epithelial markers such as E-cadherin and enhanced expression of mesenchymal markers such as N-cadherin, is also related to MDR development [14, 15] . Some miRNAs can also regulate EMT and thereby indirectly modulate MDR [16] . MiR-30a is also a miRNA significantly downregulated in gastric cancer cells [17] . In addition, it can also directly target multiple critical modulators of EMT, such as Snai1 [18, 19] and Vimentin [17] , leading to suppressed EMT.
In this study, we aimed to explore the association between miR-30a dysregulation and MDR in gastric cancer cells.
Material and Methods

Patient tissue collection
This study design was approved by the Ethics Committee of Hebei Medical University. We recruited 20 patients with histopathological confirmed advanced gastric cancer who received 2 cycles of platinum-based chemotherapy, from the First Hospital of Hebei Medical University. After completion of the chemotherapy, the responses of the patients were assessed by criteria defined by the World Health Organization, which defines the responses as complete remission (CR), partial remission (PR), stable disease (SD), and progressive disease (PD). The patients with CR, PR, or SD are considered as chemosensitive, while the patients with PD are considered as chemoresistant. Tumor tissues were obtained from gastroscope biopsy.
Cell culture
The human gastric cancer cell line SGC-7901 and the cisplatinresistant variant SGC-7901/DDP were all obtained from KeyGEN Biotechnology Company (Nanjing, China). The cells were maintained in RPMI-1640 medium supplemented with 10% FBS in a humidified atmosphere with 5% CO 2 at 37°C. To maintain the cisplatin-resistant phenotype, the medium for SGC-7901/DDP was additionally supplemented with 1 μg/mL DDP.
Cell transfection
MiR-30a mimics, antagomiR-30a (anti-miR-30a), and the scramble negative controls were synthesized by GenePharma (Shanghai, China). SGC-7901 or SGC-7901 cells were transfected with 100 nM miR-30a for overexpression or 100 nM antogamiR-30a for knockdown. Transfection was performed using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol.
QRT-PCR analysis of miR-30a expression
Firstly, total RNA was extracted from the tissue or cell samples by using the TRIZOL reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's instructions. Then, miRNAspecific cDNA was obtained by reverse transcription (RT) using the stem-loop primers and the TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA). The mature miR-30a level was detected using the TaqMan MicroRNA Assays Kit (Applied Biosystems) according to the manufacturer's instruction and quantified using the 2 -DDCt method.
Western blot analysis
Conventional Western blot analysis was performed following the methods described in a previous study [20] . In vitro drug sensitivity assay SGC-7901 cells and SGC-7901/DDP cells with miR-30a overexpression or knockdown were seeded in 96-well plates (5×10 3 cells/well) and incubated at 37°C in a humidified 5% CO 2 atmosphere for 24 h. Then, DDP was added with the final concentrations of 0.02, 0.2 1, 2, 10, and 20 μg/mL to the culture medium. 5-FU was added with the final concentrations of 0.2, 1, 5, 10, 20, and 50 μg/mL to the culture medium. At 48 h after DDP or 5-FU administration, cell viability was assessed using a MTT assay. Three independent experiments were performed in triplicate.
Fluorescence microscopy SGC-7901 with or without transfection of anti-miR-30a and SGC-7901/DDP cells with or without transfection of miR-30a mimics were grown on coverslips. Then, the cells were fixed in methanol, permeabilized in 0.1% Triton X-100, and blocked in 1% BSA. To detect the expression of E-cadherin and N-cadherin, the coverslips were probed with primary antibodies against E-cadherin (1: 500, ab40772, Abcam) and N-cadherin (1: 100, ab76011, Abcam), respectively, at 4°C overnight. After the incubation, the coverslips were washed and further incubated with secondary Alexa Fluor ® 555-conjugated donkey anti-rabbit IgG H&L (1: 500, ab150074, Abcam) and Alexa Fluor ® 488-conjugated donkey anti-rabbit polyclonal antibody (1: 500, ab150073, Abcam), respectively, for 1 h at room temperature. Nuclei were stained with Gold Antifade Reagent with DAPI (Invitrogen). Digital immunofluorescent images were obtained using an Eclipse Ti-S inverted phase/fluorescent microscope (Nikon, Tochigi, Japan).
Statistical analysis
Quantitative data are presented as mean ±SD. The statistical difference between groups were assessed using the t-test (Mann-Whitney rank sum test). p<0.05 was considered as statistically significant.
Results
Chemoresistant gastric cancer is associated with decreased miR-30a expression and enhanced EMT
The involvement of miR-30a in chemosensitivity regulation was observed in several types of cancer, such as renal cell carcinoma cells, ovarian cancer, and osteosarcoma [21] [22] [23] . After completion of the chemotherapy, there were 7 chemoresistant patients (with PD) and 13 chemosensitive patients (8 patients with PR and 5 cases with SD). Then, by performing qRT-PCR analysis, we quantified miR-30a levels in the gastric cancerous tissue samples from the patients. Generally, miR-30a expression was significantly lower in the tissues from chemoresistant patients than in that from chemosensitive patients ( Figure 1A) . Then, we decided to investigate the role of miR-30a in regulation of chemosensitivity by using in vitro gastric cancer cell line SGC-7901 and SGC-7901/DDP. Consistent with gastric cancer tissue data, miR-30a expression was also significantly lower in SGC-7901/DDP cells than in SGC-7901 cells ( Figure 1B) . Previous studies reported that EMT is also an important physiological change affecting chemosensitivity. The results of Western blot analysis showed the expressions of Snail, Vimentin, and Slug were significantly higher in SGC-7901/DDP cells than in SGC-7901 cells, while the expression of E-cadherin was significantly lower in SGC-7901/DDP cells than in SGC-7901 cells ( Figure 1C) . Then, we performed immunofluorescence staining to detect the expression of E-cadherin and N-cadherin in SGC-7901/DDP cells and in SGC-7901 cells. The results showed that SGC-7901 cells had higher E-cadherin expression, while SGC-7901/DDP cells had higher N-cadherin expression ( Figure 1D ).
MiR-30a can modulate MDR of gastric cancer cells
Then, we overexpressed miR-30a and inhibited endogenous miR-30a in SGC-7901 and SGC-7901/DDP cells, respectively (Figure 2A, 2B) . In both SGC-7901 and SGC-7901/DDP cells, miR-30a overexpression decreased the expression of P-gp, an MDR-related protein [24] (Figure 2C ). Then, we performed MTT assay to assess the IC50 of DPP and 5-FU in SGC-7901 and SGC-7901/DDP cells. The results showed that miR-30a overexpression decreased IC50 of DPP and 5-FU in SGC-7901 and SGC-7901/DDP cells, while miR-30a inhibition increased the IC50 of DPP and 5-FU in the cells (Figure 2D, 2E) . Then, we performed flow cytometry analysis to detect DPP and 5-FUinduced cell apoptosis in both SGC-7901 and SGC-7901/DDP cells. The results showed that miR-30a inhibition decreased the DPP-and 5-FU-induced cell apoptosis in SGC-7901 cells ( Figure 2F, 2H) , while miR-30a overexpression increased DPP and 5-FU induced cell apoptosis in SGC-7901/DDP cells ( Figure  2F, 2H) . These results suggest that miR-30a can modulate MDR in gastric cancer cells.
MiR-30a suppresses EMT in gastric cancer cells
Then, we further investigated the regulative effect of miR-30a on EMT of the gastric cancer cells. By performing Western blot analysis, we observed that the miR-30a inhibition decreased E-cadherin, but increased N-cadherin in SGC-7901 cells ( Figure  3A-3C) , while miR-30a overexpression increased E-cadherin, but decreased N-cadherin in SGC-7901/DDP cells ( Figure 3A-3C ). Subsequent immunofluorescence staining further confirmed the changes in E-cadherin and N-cadherin in the cells ( Figure 3D ).
Discussion
Previous studies suggest that miR-30a plays an important role in suppressing the development of gastric neoplasm and metastasis of gastric cancer via inhibiting EMT. In detail, miR-30 can also target HNF4gamma, which regulates the development of intestinal metaplasia, a neoplastic precursor of gastric adenocarcinoma [25] . Overexpression of Runt-related transcription factor 3 (RUNX3) in gastric cancer cells leads to increased miR-30a level, which directly binds to the 3' untranslated region of vimentin and decreased its protein level [17] . In other types of cancer, previous studies found that miR-30a can also modulate EMT by targeting multiple important modulators of EMT. In non-small cell lung cancer cells and hepatocellular carcinoma cells, miR-30a can directly target Snail1, which enhances EMT by transcriptional repressing of E-cadherin [19, 26] . Decreased expression of miR-30a is associated with enhanced EMT and facilitated tumor cell migration and invasion [26] . In breast cancer, miR-30a can also target Vimentin and Slug, 2 master regulators of EMT in breast cancer [17, 27, 28] .
In fact, the association between miR-30a and chemoresistance was also observed in some types of cancer. In ovarian cancer, miR-30a can decrease chemoresistance by inhibiting endothelin A receptor [29] . In osteosarcoma cells, miR-30a downregulation leads to chemoresistance via activating Beclin-1-mediated autophagy [23] . However, whether miR-30a is associated with MDR in gastric cancer is not clear. In this study, we firstly assessed whether miR-30a is associated with chemoresistance in gastric cancer. Based on cancerous tissues obtained from 20 gastric cancer tissues, we found that miR-30a was significantly downregulated in the chemoresistant tissues. Therefore, we decided to further explore the role of miR-30a in MDR of gastric cancer based on cisplatin-sensitive SGC-7901 cells and the cisplatin-resistant SGC-7901/DDP cells. In both SGC-7901 and SGC-7901/DDP cells, miR-30a overexpression decreased the expression of P-gp, an MDR-related protein [24] . Then, we m i R -N C a n t i -N C m i R -3 0 a a n t i -m i R -3 0 a m i R -N C m i R -N C a n t i -N C a n t i -N C m i R -3 0 a m i R -3 0 a a n t i -m i R -3 0 a a n t i -m i R -3 0 a performed MTT assay to assess the IC50 of DPP and 5-FU in SGC-7901 and SGC-7901/DDP cells and also conducted flow cytometry analysis to assess DPP-and 5-FU-induced apoptosis after miR-30a overexpression or knockdown. The results showed that miR-30a inhibition increased chemoresistance, while miR-30a overexpression decreased chemoresistance in gastric cancer cells. A previous study found that high miR-30a expression, together with another 3 miRNAs, including let-7a and miR-126, are protective miRNA signatures of gastric cancer patients [30] . Relatively high expressions of the 3 miRNAs are significantly associated with better overall survival and relapse-free survival [30] . Based on the findings above, we infer that the contribution of high miR-30a to chemosensitivity might be one of the mechanisms associated with good prognosis.
Since previous studies suggest that EMT can affect MDR [14, 15] , we further performed studies to verify the effect of miR-30a on EMT of the gastric cancer cells. Both Western blot analysis and immunofluorescence staining confirmed that miR-30a inhibition decreased E-cadherin but increased N-cadherin in SGC-7901 cells, while miR-30a overexpression increased E-cadherin but decreased N-cadherin in SGC-7901 cells.
Conclusions
MiR-30a can decrease multidrug resistance (MDR) of gastric cancer cells. It is also an important miRNA modulating EMT of the cancer cells. 
